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TECHNICAL NOTE
Feasibility of freeze-fracturing single isolated renal tubules
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The heterogeneity of renal tissue has complicated
physiologic as well as morphologic studies of the
kidney. The development of methods for isolating
and perfusing rabbit renal tubules [1] has stimulated
studies on tubular transport in various segments of
the nephron [2—4]. On the other hand, at the morpho-
logic level, the knowledge of the kidney membrane
organization has greatly benefited from the freeze-
frttcturing methodology [5—17]. We found it desirable
to combine the advantages of both the physiologic
and morphologic approaches and attempted freeze-
fracturing renal tubules microdissected from rabbit
kidney. The present paper shows that this is feasible
and illustrates the membrane organization of one
single isolated collecting tubule segment. New Zea-
land white rabbits, weighing 1.5 to 2 kilos, were killed
by decapitation. Thin transverse slices were obtained
from one kidney and processed for microdissection
and incubation, as previously described [1, 3].
Method 1. The slice was transferred in a trypsiniz-
ing flask containing collagenase (Worthington
Biochemical Corporation, 137 U/mg, final concen-
tration 0.1% in 0.1 M phosphate buffer, pH 7.4) where
digestion was carried out for 30 mm at 35°C under a
stream of oxygen. The slice was then washed with
fresh bicarbonate Ringer's solution and transferred
to a Petri dish containing a dissecting medium of
the following composition: 115 m sodium chloride,
5 mrvi potassium chloride, 25 m sodium bicarbo-
nate, 10 m sodium acetate, 1.2 mrvi monobasic so-
dium phosphate, 1.2 mM magnesium sulfate, 1.0mM
calcium chloride, 5.5 m dextrose, and 5% v/v calf
serum, The medium was kept chilled at 4°C and was
equilibrated with 95% oxygen, 5% carbon dioxide.
Twenty to forty tubules were dissected from each
slice. They were centrifuged at 2000 rpm (sometimes
following a short incubation at 37°C) and fixed in
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0.9% glutaraldehyde in 0.1 M phosphate buffer, pH
7.4. The time that elapsed between the killing of the
animals and the fixation of isolated tubules was ap-
proximately 90 mm.
Method 2. The tubules were dissected without en-
zyme pretreatment in the same medium as above.
Usually a dozen tubules were obtained from each
slice. Fixation of the isolated tubules was done as in
method I and occurred approximately 60 mm after
killing the animals.
Method3. One collecting tubule was dissected from
each slice as in method 2 and transferred in an in-
cubation cell, which was mounted on the stage of an
inverted microscope (Nikon). The tubule was then
perfused for 30 to 70 mm with phosphate Ringer's
solution, as previously described [3]. Between 45 and
90 mm after the animals were killed, the tubule was
fixed in situ by changing the bathing solution with a
diluted solution containing 0.9% glutaraldehyde for
10 to 15 mm, as described by Ganote et al [18]. The
tubule was then transferred in a small dish containing
the same fixative solution. The method of transfer in
the preceding and subsequent steps is similar to that
described previously [3].
Preparation for thin-sectioning. For the three meth-
ods, glutaraldehyde-fixed tubules were further post-
fixed with 1% osmium tetroxide buffered with 0.13 M
phosphate buffer (Millonig), dehydrated in increas-
ing concentrations of alcohol, and embedded in Epon
[19]. Thick (1 tm) sections of the Epon block, exam-
ined by phase contrast light microscopy, were used to
localize the tubule, and thin sections of suitable areas
of the block were cut with a diamond knife. Thin sec-
tions, collected on 150-mesh, Parlodion-coated, cop-
per grids were stained with lead citrate [20] and ex-
amined in an electron microscope (Philips EM 300).
Preparation for freeze-fracturing. For methods 1
and 2, the pellets of glutaraldehyde-fixed tubules were
infiltrated with a 30% solution of glycerol (cryopro-
tectant) in 0.1 M phosphate buffer, pH 7.4, for ap-
proximately 30 mm. Pellets were then mounted on
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gold discs, as used in normal freeze-fracturing pro-
cedure, and then frozen in Freon 22 cooled with
liquid nitrogen. Fracturing and shadowing were per-
formed at —100°C in a freeze-etching unit (Balzers,
BAF 301), as according to Moor et al [21]. Platinum-
carbon replicas were cleaned by digestion in sodium
hypochlorite, washed in distilled water, and recov-
ered on Parlodion-coated, 150-mesh, copper grids.
Replicas were then examined in the electron micro-
scope. For method 3, the glutaraldehyde-fixed tubule
was transferred in a glycerol solution, as described
above, for 20 mm. A piece of filter paper (Millipore)
Fig. 1. Thin section of a collecting tubule prepared according to method 3. One observes a widely open tubular lumen arid well preserved
epithelial cells. Note that in this image, only "light" cells are present. N = nucleus; magnification, X 6,500.
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soaked in Toluidine blue (1% in distilled water) was
then dipped in the glycerol solution so that the fixed
tubule would take up dye and be rendered more
visible. The stained tubule was usually cut in three or
four pieces with the help of microscissors in order to
have several samples in the drop of glycerol to be
frozen. Once the drop containing the tubule frag-
ments was placed on the gold support, the fragments
of the tubule were, indeed, seen floating at different
levels, thus increasing the chance of having a frag-
ment fractured by the microtome blade. Freeze-frac-
turing of the fragments was then performed exactly as
described above for methods 1 and 2, except that the
icy drop was ground by the cooled microtome knife
until a blue spot was seen on the freshly fractured
surface. The blue spot was assumed to indicate a
fracture through a tubule fragment. The platinum-car-
bon replica of the frozen surface was treated as in-
dicated for methods 1 and 2. Success in method 3,
i.e., obtainment of a replica containing fracture faces
of tubular membranes, was achieved in approximately
three samples out of five. Methods 1 and 2 yielded, in
all cases, replicas with useful tubular membrane
faces. Preparations of collecting tubules isolated from
the cortex and outer medulla are examined in the
present paper.
An overall view of a thin-sectioned collecting tu-
bule prepared according to method 3 is shown in
Figure 1. This preparation is characterized by a wide
open tubular lumen and well preserved epithelial
cells. Methods 1 and 2 give the same satisfactory
conservation of the epithelial wall of the tubule, in-
cluding its basal lamina (Fig. 2), but in these types of
preparations, the tubular lumen is collapsed. Thin-
sectioned preparations allowed us to recognize two
cell types in the wall of the tubules, as described
previously [22, 23], namely the "light" and the
"dark" cells (Fig. 2). Freeze-fracture replicas of sim-
ilar preparations yielded various membrane faces be-
longing to the basal, lateral, or apical faces of the
epithelial cells; probably due to the fact that they
induce a collapse of the tubule lumen, methods I and
2 yielded, however, less luminal fracture face than
method 3. In replicas, light and dark cells were identi-
fied by their typical morphology and specific mem-
brane differentiations [11]. As in the rat, dark cells of
the rabbit collecting tubule presented elongated par-
ticles dispersed among the usual globular particles on
the three faces of the cells (Fig. 3, inset). In cells,
however, without elongated particles, presumably
light cells, we were not able to detect the arrays of
small particles as described in light cells of the rat
[11]; we found, instead, occasional clusters of globu-
lar particles, these latter being of the same size as
those dispersed randomly in the fracture face (Fig. 3,
inset). Finally, the characteristic morphology of the
Fig. 2. Thin section of a collecting tubule prepared according to method 1. The tubular wall contains both dark and light cells. Dark cells are
recognizable by an overall dense cytoplasm, the presence of numerous mitochondria and apical vesicles. Light cells have less cytoplasmic
organdIes and are generally of larger size. Part of the collapsed tubular lumen (TL) appears at the top of the figure. A well preserved basal
lamina (BL) underlined by collagen fibers is present at the basal face of the epithelial cells. N = nucleus; magnification, X 7,000.
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Fig. 3. Freeze-fracture replica of a collecting tubule prepared according to method2. P-faces [26] of four epithelial cell plasma membranes havebeen exposed. The presence of collagen fibers (CF) near the exposed membranes indicates that the latter belong to the basal pole of the cells.
The membrane of cells labeled with the black aserisks contain elongated particles (inset), thus identifying these cells as dark ones. The
membranes labeled with white asterisks have no elongated particles but clusters of usual globular particles (inset). These membranes belong
presumably to light cells. Magnification, X 40,000; inset, X 105,000.
epithelial cell junctions at the level of the collecting
tubule was observed, namely, an extensive network of
interconnected ridges (or grooves), indicating the
presence of a "tight" junction [7, 8] (Fig. 4).
In summary, the present data demonstrate that the
renal tubules isolated from the kidney by micro-
dissection can be successfully freeze-fractured, de-
spite the minimal amount of tissue available. This
approach is promising since it may render possible
correlative studies between a given function (for ex-
ample, as evaluated by measuring transport in iso-
lated segments of the nephron) and a given mem-
brane structure. The choice between the three
methods outlined in the preceding section will depend
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Fig. 4. Freeze-fracture replica of a collecting tubule prepared according to method 3. P- and E-faces of two adjacent cells have been exposed.
Note the extensivetight junctional network (TJ) situated mostly on the E-face (grooves). The P-face situated above the tight junction is a
luminal membrane showing microvillar profiles (my). The E-face containing most of the tight junctional elements is a lateral membrane.
X 62,000.
on the specific questions one wishes to answer.
Method 1 permits us to obtain the largest amounts of
tissue. Despite the fact that collagenase-treated tu-
bules have been successfully used for the measure-
ment of ion fluxes [24] or hormone-stimulated adeny-
late cyclase [25], such tubules, however, have proven
to be not suitable for perfusion in Vitro [1]. Method 2
gives also rather large quantities of tissue suitable for
perfusion studies in Vitro since there is no enzyme
treatment. The fact, however, that the tubular lumen
collapses during isolation procedure (in method 1 as
well) renders the yield of apical fracture faces low.
Although more difficult technically, method 3 has
none of the short-comings of methods 1 and 2 and,
thus, may be the most valuable approach to struc-
ture-function studies.
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